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ABSTRACT
We have analyzed HST/NICMOS2 F110W, F160W, F165M, and F207M band
images covering the central 1′×1′ region of the cluster associated with Mon R2
in order to constrain the Initial Mass Function (IMF) down to 20 Mjup. The flux
ratio between the F165M and F160W bands was used to measure the strength
of the water band absorption feature and select a sample of 12 out of the total
sample of 181 objects that have effective temperatures between 2700 K and 3300
K. These objects are placed in the HR diagram together with sources observed
by Carpenter et al. (1997) to estimate an age of ∼1 Myr for the low mass cluster
population. By constructing extinction limited samples, we are able to constrain
the IMF and the fraction of stars with a circumstellar disk in a sample that is 90%
complete for both high and low mass objects. For stars with estimated masses
between 0.1 M⊙ and 1.0 M⊙ for a 1 Myr population with AV ≤ 19 mag, we find
that 27± 9% have a near–infrared excess indicative of a circumstellar disk. The
derived fraction is similar to, or slightly lower than, the fraction found in other
star forming regions of comparable age. We constrain the number of stars in the
mass interval 0.08–1.0 M⊙ to the number of objects in the mass interval 0.02–
0.08 M⊙ by forming the ratio, R
∗∗=N(0.08–1 M⊙)/N(0.02–0.08 M⊙) for objects
in an extinction limited sample complete for AV ≤ 7 mag. The ratio is found to
be R∗∗ = 2.2 ± 1.3 assuming an age of 1 Myr, consistent with the similar ratio
predicted by the system IMF proposed by Chabrier (2003). The ratio is similar
to the ratios observed towards the Orion Nebula Cluster and IC 348 as well as
the ratio derived in the 28 square degree survey of Taurus by Guieu et al. (2006).
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1. Introduction
The shape of the IMF and whether or not it is universal have been central questions
in astrophysics for more than 50 years. The shape of the stellar part of the IMF has been
examined observationally in some detail. Above 0.5 M⊙, the IMF derived for field stars is
well characterized by a Salpeter power law, dN/dM ∝ M−α1 , α1 = 2.35 (Kroupa 2002). At
this characteristic mass, the slope of the power law changes to α2 = 1.35 and for masses
below 0.1 M⊙ the IMF flattens further (Kroupa 2002; Chabrier 2003), although the slope
is very uncertain (Allen et al. 2005). To search for variations in the IMF as a function
of environment, one has to look at individual star–forming episodes, such as star clusters
or associations. Young clusters in particular are useful for these studies because the more
massive stars are still present in the cluster and the clusters have not experienced significant
dynamical mass segregation. Recently, the IMF studies have been extended deep into the
brown dwarf regime in several star forming regions, most notably the Orion Nebula Cluster
(ONC, e.g. Hillenbrand & Carpenter 2000; Muench et al. 2002; Slesnick et al. 2004), IC 348
(e.g. Najita et al. 2000; Luhman et al. 2003), and Taurus (e.g. Bricen˜o et al. 2002; Luhman
2004; Guieu et al. 2006).
In order to search for variations in the sub–stellar IMF as a function of environment,
a larger ensemble of young clusters is needed. Here, we present a study of the IMF in the
Mon R2 cluster. The embedded cluster associated with Mon R2 was originally discovered
by Beckwith et al. (1976) and is located at a distance of 830±50 pc (Herbst & Racine 1976).
The most massive star in the cluster is ∼ 10 M⊙ (Carpenter et al. 1997; Massi et al. 1985).
Carpenter et al. (1997) estimated Mon R2 to contain at least 475 stars within a 3.6×3.6
pc region, significantly less than the ∼ 3500 stars found within a 2.5 pc radius of the ONC
(Hillenbrand & Hartmann 1998). IC 348 contains ∼ 400 members including brown dwarfs
(Luhman et al. 2003). Thus, Mon R2 has a richness intermediate between the two well
studied clusters. The molecular cloud has been shown by Choi et al. (2000) to have a central
density of nc ∼ 10
7cm−3, much higher than typical densities in the Taurus molecular cloud
cores (nc ∼ 10
5cm−3, see e.g. Onishi et al. (2002)). If the density of the molecular cores
have an impact on the IMF as suggested by e.g. Bate & Bonnell (2005) and Goodwin et
al. (2004), we would expect the IMF in Mon R2 to have relatively more brown dwarfs than
Taurus.
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Previously, Carpenter et al. (1997) imaged Mon R2 down to the brown dwarf limit and
obtained spectra for a subset of the stars. They established the age of the cluster to be ≤
3 Myr, and that the majority of the low mass stars clustered around the 1 Myr isochrone.
Adopting an age of 1 Myr for the stellar population, they found the ratio of high mass to
low mass stars N(1–10 M⊙)/N(0.1–1 M⊙)= 0.1, which is consistent with other nearby star
forming regions (Meyer et al. 2000) and with a Miller & Scalo (1979) field star IMF. Despite
the fact that Mon R2 is relatively nearby, the brown dwarf content has not been investigated
in a systematic manner. Here, we present HST/NICMOS 2 near–infrared imaging of the
central 0.24pc×0.24pc (1′ × 1′) of the cluster. Our main goal is to constrain the low–mass
stellar and brown dwarf content in the cluster and compare the results to those derived for
other young clusters and the field. In addition, we estimate the fraction of stars with disks
within our surveyed region.
The paper is structured as follows: In Section 2, we present the observations, the data
reduction and the photometry. Section 3 presents the results from the color–magnitude
and color–color diagrams for the cluster. We place objects in the HR diagram based on the
estimate of the effective temperature derived from the F160W and F165M band observations.
In Section 4, we discuss our constraints on the IMF and disk frequency based on extinction
limited samples constructed from our observations. Section 5 compares our derived ratios
with the similar ratios for other star forming regions. Finally, we conclude in Section 6 with
a summary of our results.
2. Observations and reduction
2.1. The dataset
HST/NICMOS2 observations of the central 1′×1′ of Mon R2 were obtained in Cycle
7 under program number 7417. The field of view for NICMOS 2 is 19.′′2 square and the
pixel scale is 0.′′075. A 4 × 4 grid was observed in the F110W, F160W, F165M, and F207M
filters, where each position in the grid was observed twice in each filter with a dither offset
of ∼ 20 pixels in both RA and DEC. The total integration time per position in the grid is
512 seconds for F110W, 352 seconds for F160W, 576 seconds for F165M, and 288 seconds
for F207M. All the images were obtained in non–destructive readout mode with a total of
16 readouts in each exposure. The full width at half maxima of the point spread function
are 0.′′12, 0.′′15, and 0.′′20, for the F110W, F160W, and F207M bands respectively. Table 1
contains the observing log.
The images were processed using a combination of IRAF scripts, C programs, and IDL
